INTRODUCTION
Sudden unexpected death (SUD) is a common syndrome that has not been well-characterized in urban and rural populations. Previous work has found a higher incidence of sudden cardiac death (SCD) 1 in rural populations. However, as strict criteria for SCD based on reported cause and timing of death often exclude deaths from non-cardiac causes that have potential epidemiological overlap with SCD, it is important to take an inclusive approach. 2 As rural areas are also challenged with shortages of primary care providers, mental health providers, and health insurance, 3 we hypothesize that the incidence of SUD is higher in rural counties than in urban counties due to discrepancies in these measures of health care access. In this study, we (1) compare the incidence of SUD between rural and urban counties in North Carolina (NC) and (2) determine if specific measures of health care access are independent predictors of SUD. In these ways, this work is a preliminary step towards risk stratification for the development of targeted, population-level preventive strategies.
METHODS
Statewide death certificate data for NC for 2014 were screened to identify cases of presumed SUD among state residents. We sought to identify cases of premature, unexpected, natural deaths that occurred out of hospital, regardless of the cause of death or timing of death relative to the onset of symptoms (Fig. 1) . For each county, the incidence of SUD was calculated per 100,000 persons. Counties were divided into three urban-rural categories based on the percent of the county population living in an urbanized area according to the 2010 census, with urban population < 20% designated as highly rural, 20-60% designated as mixed urban-rural, and > 60% designated as highly urban. Poisson regression models were used to analyze the effects of health care access measures, rural status, and other demographic, socioeconomic, and health variables 4 on the county incidence of SUD. Multiple Poisson regression models with a backward variable selection method were used to identify county-level variables that independently predict county SUD incidence statewide and for each urban-rural category. A P value < 0.05 was considered significant.
RESULTS
A total of 83,509 death certificates collected in 2014 for the 100 NC counties were screened, yielding 4278 cases of SUD (Fig. 1) . The mean incidence of SUD was greatest in highly rural counties (100/100,000), followed by mixed urban-rural counties (85/100,000) and highly urban counties (68/100,000). While the univariate regression found several variables to be associated with a high county incidence of SUD (Table 1) , the multiple regression model for predicting a high county incidence of SUD only identified the following variables as significant: having a higher percent of the population age 65 or older, lower percent of African-Americans, and lower median household income. For highly rural counties only, lower median household income was significant. Furthermore, although nonmedical use of pain relievers was not initially found to be a significant predictor of SUD, an exploratory analysis found that this variable became significant when included in the statelevel multiple regression model.
DISCUSSION
Rural counties in NC have a higher incidence of SUD than urban counties. The higher incidence of SUD in rural counties is best predicted by lower median household income rather than health care access measures (insurance status, the presence of primary care or mental health providers), education level, and health behaviors (smoking, Published online January 25, 2019 obesity, illicit drug abuse). This finding is consistent with previous work showing that compared to urban residents, rural residents find costs to be more prohibitive to accessing care despite Medicare and Medicaid coverage 5 and report fewer doctor's visits even after controlling for per capita number of physicians. 6 It appears that increasing the number of easily accessible primary care services available may have limited benefit without reducing costs or increasing patients' financial means, especially in rural areas. Identifying mechanisms through which increasing income affects utilization of existing health care resources and subsequent health status may shed light on potential interventions, such as economic development, to prevent SUD in rural areas. Nonmedical use of pain relievers also appears to be an important mediator of SUD. Future research on strategies for reducing SUD in rural areas will require a multifaceted approach that addresses not only socioeconomic factors, but also interrelated variables such as addiction prevention and treatment. Rounded up from 0.998 Figure 1 Flow chart depicting the stepwise screening process used to identify cases of sudden unexpected death. SUD, sudden unexpected death.
